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utilizing  a  digital  microprocessor  based  electronic 
controller  or  central  processing  unit  ("CPU")  and 
based  upon  the  control  philosophy  that  sufficient 
current  input  information  is  provided  and  pro- 
cessed  with  sufficient  frequency  so  as  to  allow  the 
control  of  the  vehicle  drive  line  to  be  based  upon 
an  effectively  instantaneously  currently  updated 
determination  of  the  status  of  the  di=ive  line  and 
that  the  time  required  to  execute  all  of  the  critical 
control  algorithms  and  to  generate  command 
output  signals  be  relatively  short  compared  to  the 
mechanical  response  times  of  the  system.  The 
control  of  the  drive  line  is  based  upon  the  actual 
status  thereof  which  is  constantly  substantially 
instantaneously  updated  and  is  compared  with 
the  desired  status  for  the  existing  conditions. 
When  discrepancies  exist,  usually  corresponding 
to  error  signals,  control  action  is  initiated.  With 
the  exception  of  the  gear  selection  procedures  to 
be  described  below,  an  attempt  is  made  to  base 
the  status  determination  and  consequential  con- 
trol  actions  entirely  on  current  input  information, 
avoiding,  where  possible,  interpretations  or 
actions  based  upon  "remembered"  information. 

The  above  is  accomplished  by  constantly  pro- 
cessing  input  signals  to  determine  the  status  of 
various  vehicle  driveline  components  with  a  fre- 
quency  providing  updates  of  the  status  of  the 
monitored  component  in  a  shorter  period  of  time 
than  required  for  that  monitored  component  to 
effect  other  than  a  nominal  change  to  the 
driveline.  The  invention  provides  Claim  1. 

This  approach  has  two  significant  con- 
sequences.  First,  a  major  electronic  disruption, 
including  temporary  loss  of  power,  does  not  leave 
the  system  paralyzed  or  forced  to  recycle  to  "find 
itself".  As  soon  as  a  disruption  terminates,  the 
control  determines  actual  status  and  provides 
proper  control  action,  including  cancelling  im- 
proper  commands  which  may  have  been  issued 
during  the  disruption.  Since  the  control  algorithm 
processing  time  is  short  compared  to  the 
mechanical  response  time,  the  true  status  can 
normally  be  reevaluated  without  impact  on  the 
vehicle  operation. 

Secondly,  there  is  no  built  in  or  timed  sequence 
of  events  for  the  various  procedures.  Actions 
occur  as  a  consequence  of  status  changes  which 
fulfil  prerequisite  conditions  for  control  oper- 
ations.  While  typical  sequences  will  emerge  as  a 
consequence  of  the  fact  that  events  tend  to  follow 
atypical  pattern,  if  special  circumstances  do  arise, 
the  control  system  can  manage  without  the 
necessity  of  a  predesignated  sequence. 

The  above  is  achieved  by  determining  the  most 
critical  control  requirements  of  the  system  (such 
as  control  of  the  throttle  device,  input  shaft  brake 
and  modulated  clutch  engagement)  and  less  criti- 
cal  control  requirements  of  the  system  (such  as 
actual  selection  of  the  most  desired  ratio  which, 
due  to  the  relatively  large  inertia  of  the  vehicle, 
will  have  a  relatively  slow  impact  on  the  speed  of 
the  engine).  By  way  of  example,  allowing  the 
transmission  to  remain  in  the  currently  engaged 
gear  ratio  for  a  relatively  long  control  period  (such 

Description 

BACKGROUND  OF  THE  INVENTION 
Field  of  the  Invention 

This  invention  relates  to  a  method  for  control-  5 
ling  automatic  transmission  systems  of  the  type 
including  automatic  power  transmissions  provid- 
ing  a  plurality  of  gear  reduction  ratios,  such  as 
automatic  mechanical  transmissions,  throttle 
controlled  engines  and  coupling  devices  inter-  10 
posed  the  engine  and  transmission  such  as  fluid 
couplings  (i.e.  torque  convertors)  and/or  friction 
master  clutches.  In  particular,  the  present  inven- 
tion  relates  to  control  system  methods  for 
vehicles  with  throttle  controlled  engines  and  15 
automatic  transmissions  wherein  gear  selection 
and  shift  decisions  are  made  and  executed  based 
upon  measured  and/or  calculated  parameters 
such  as  output  shaft  or  vehicle  speed,  input  shaft 
or  engine  speed,  throttle  position,  and  the  like.  20 
More  particularly,  the  present  invention  relates  to 
automatic  transmission  control  system  methods 
of  the  type  described  above  wherein  digital 
microprocessor  based  electronic  control  units  are 
utilized  to  control  the  system.  25 

Description  of  the  Prior  Art 
Automatic  transmissions  of  both  the  automatic 

mechanical  type  utilizing  positive  clutches  and  of 
the  planetary  gear  type  utilizing  frictional  clutches  30 
are  well  known  in  the  prior  art,  as  are  control 
systems  therefor.  Electronic  control  systems  for 
automatic  transmissions  wherein  gear  selection 
and  shift  decisions  are  made  based  upon  certain 
measured  and/or  calculated  parameters  such  as  35 
vehicle  speed,  engine  speed,  rate  of  change  of 
vehicle  speed,  rate  of  change  of  engine  speed, 
throttle  position,  rate  of  change  of  throttle  posi- 
tion,  full  depression  of  the  throttle  (i.e.  "kick- 
down"),  actuation  of  the  braking  mechanism,  40 
currently  engaged  gear  ratio,  and  the  like  are 
known  in  the  prior  art.  Examples  of  such  auto- 
matic  transmission  control  systems  for  vehicles 
may  be  seen  by  reference  to  US  —  A  —  4  361  060; 
4  073  203;  4  079  638;  4  140  031;  4  324  322;  45 
4  253  348;  4  038  889;  4  226  295;  3  776  048; 
4  208  929;  4  039  061  ;  3  974  720  and  3  942  393. 

The  prior  art  controls  for  automatic  trans- 
missions  were  usually  electric  or  pneumatic 
analog  devices  and/or  utilized  a  sequential  or  50 
timing  control  philosophy  whereby  the  individual 
operations  and/or  sub-operations  required  to  per- 
form  a  selected  task  were  performed  in  accord- 
ance  with  a  set  sequence  and/or  set  timing  after 
the  task  was  initiated  and  not  on  the  basis  of  55 
continuously  updated  command  signals  pro- 
cessed  from  current  input  signals.  The  state  of  the 
art  is  EP  —  A  —  117  342  disclosing  the  pre-charac- 
terizing  part  of  Claim  1. 

60 
SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  present  invention,  the 
drawbacks  of  the  prior  art  have  been  overcome  or 
minimized  by  providing  a  method  of  controlling 
an  automatic  mechanical  transmission  system  65 
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trolled  heat  engine,  a  multi-speed  jaw  clutch  type 
change  gear  transmission,  a  nonpositive  coupling 
device  such  as  a  master  friction  clutch  and/or  a 
fluid  coupling  (i.e.  a  torque  converter)  interposed 

5  the  engine  and  the  transmission  and  a  control 
unit  for  automatically  controlling  same.  The 
system  may  also  include  an  input  shaft  or  engine 
brake  and/or  other  power  synchronizing  devices. 

Fig.  1  schematically  illustrates  an  automatic 
10  mechanical  transmission  system  2  comprising  an 

automatic  multi-speed  change  gear  transmission 
10  driven  by  a  throttle  device  controlled  engine 
12,  such  as  a  well  known  diesel  engine,  through  a 
friction  master  clutch  14.  The  output  of  the  auto- 

15  matic  transmission  10  is  output  shaft  16,  which  is 
adapted  for  driving  connection  to  an  appropriate 
vehicle  component  such  as  the  differential  of  a 
drive  axle,  a  transfer  case  or  the  like  as  is  well 
known  in  the  prior  art.  Preferably,  to  control  the 

20  speeds  of  the  input  shaft  of  the  transmission  for 
sychronizing  purposes,  an  input  shaft  brake  17  is 
also  utilized. 

As  is  known  in  the  prior  art,  but  not  illustrated,  a 
fluid  coupling  (such  as  a  torque  convenor)  may 

25  be  substituted  for  and/or  used  in  connection  with 
master  clutch  14.  The  fluid  coupling  may  be 
provided  with  selectively  engageable  friction 
clutch  means  between  the  input  and  output 
elements  thereof,  which  means  are  actuated  by 

30  an  operator  similar  to  clutch  operator  22. 
The  above-mentioned  power  train  components 

are  acted  upon  and  monitored  by  several  devices 
each  of  which  will  be  discussed  in  greater  detail 
below.  These  devices  include  a  throttle  position 

35  or  throttle  opening  monitor  assembly  18  which 
senses  the  position  of  the  operator  controlled 
vehicle  throttle  pedal  or  other  fuel  throttling 
device,  a  throttle  control  19  which  controls  the 
supply  of  fuel  to  the  engine,  an  engine  speed 

40  sensor  20  which  senses  the  rotational  speed  of 
the  engine,  a  clutch  operator  22  which  engages 
and  disengages  clutch  14,  an  input  shaft  brake 
operator  23,  a  transmission  input  shaft  speed 
sensor  24,  a  transmission  operator  26  which  is 

45  effective  to  shift  the  transmission  10  into  a 
selected  gear  ratio,  a  transmission  output  shaft 
speed  sensor  28  and  a  brake  application  sensor 
29. 

The  above-mentioned  devices  supply  infor- 
so  mation  to  and/or  accept  commands  from  an 

electronic  central  processing  unit  30.  The  central 
processing  unit  or  controller  30  is  based  upon  a 
digital  microprocessor,  the  specific  configuration 
and  structure  of  which  are  described  in  greater 

55  detail  below. 
The  central  processing  unit  30  also  receives 

information  from  a  shift  control  assembly  32  by 
which  the  operator  may  select  a  reverse  (R), 
neutral  (N)  or  several  forward  drive  (D,  Dv  DL) 

60  modes  of  operation  of  the  vehicle.  Alternatively  to 
providing  selectable  D-,  and  DL  positions,  a 
separate  on-higTiway/off-road  selector  switch 
may  be  provided.  An  electrical  power  source  (not 
shown)  and/or  source  of  pressurized  fluid  (not 

65  shown)  provides  electrical  and/or  pneumatic 

as  100—150  milliseconds)  will  result  in  a  relatively 
small  inconsequential  change  in  the  speed  of  the 
vehicle  engine.  The  processing  of  command  out- 
puts  to  meet  the  most  critical  control  require-  " 
ments  are  processed  by  a  high  priority  algorithm 
which  is  executed  on  a  timed  basis  to  provide  the 
frequency  of  control  desired  for  acceptable 
system  control  while  the  other  less  critical  data 
processing  requirements,  such  as  selection  of  the 
desired  gear  ratio,  are  processed  by  a  low  priority 
algorithm  which  is  continuously  looped  but  is 
interrupted  by  the  high  priority  algorithm. 

It  is  known,  from  "Microprocessors  for 
Measurement  and  Control",  by  Auslander  and 
Sagnes  published  by  Osborne,  Berkeley  1981, 
especially  at  Page  80,  to  interrupt  a  less  critical 
control  cycle,  execute  a  more  critical  series  of 
instructions,  and  return  to  the  interrupted  point  in 
the  original  cycle;  also  at  Page  80,  to  take  the 
speed  of  computer  operation  into  account.  In 
contrast,  the  invention  takes  the  speeds  of  con- 
trolled  functions  into  account. 

The  microprocessor  is  selected  in  embodi- 
ments,  also  to  provide  a  speed  and  resolution 
required  to  achieve  the  desired  control.  Indeed 
more  specifically,  the  microprocessor  is  selected 
to  have  sufficient  speed  to  execute  the  high 
priority  algorithm  at  least  twice  during  a  critical 
control  period  based  upon  the  period  of  time 
required  for  the  mechanical  actuators  controlled 
by  the  command  outputs  processed  by  the  high 
priority  algorithm  to  respond  to  the  command 
outputs  to  assure  that  a  single  error  or  interrup- 
tion  in  the  processing  of  input  information  will  not 
effect  the  proper  control  of  the  automatic 
mechanical  transmission  system. 

Accordingly,  it  is  an  object  of  the  present 
invention  to  provide  an  automatic  mechanical 
transmission  control  system  method  utilizing  a 
digital  microprocessor  based  electronic  control 
unit. 

This  and  other  objects  and  advantages  of  the 
present  invention  will  become  apparent  from  a 
reading  of  the  description  of  the  preferred 
embodiment  taken  in  connection  with  the 
attached  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Fig.  1  is  a  schematic  illustration  of  the  com- 

ponents  and  interconnections  of  the  automatic 
mechanical  transmission  systems  of  the  present 
invention. 

Fig.  2  is  a  graph  of  engine  speed  versus  throttle 
position  illustrating  the  shift  patterns,  or  shift 
point  profiles,  utilized  to  select  the  desired  gear 
ratio  of  the  automatic  mechanical  transmission. 

Fig.  3  is  a  schematic  illustration  of  the  digital 
microprocessor  based  electronic  control  unit  of 
the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED' 
EMBODIMENT 

The  term  "automatic  mechanical  transmission 
system"  as  used  herein  shall  mean  a  system  for  a 
vehicle  comprising  at  least  a  throttle  device  con- 
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power  to  the  various  sensing,  operating  and/or 
processing  units.  Drive  train  components  and 
controls  therefor  of  the  type  described  above  are 
known  in  the  prior  art  and  may  be  appreciated  in 
greater  detail  by  reference  to  above  mentioned  5 
US—  A—  3  776  048;  4  038  889;  4  226  295  and 
4  361  060. 

As  is  known,  the  central  processing  or  control 
unit  30  receives  direct  inputs  from  sensor  18 
indicating  the  present  throttle  position,  from  sen-  10 
sor  20  indicating  the  present  engine  speed,  from 
sensor  24  indicating  the  present  transmission 
input  shaft  speed,  from  sensor  28  indicating  the 
present  transmission  output  shaft  speed,  from 
sensor  29  indicating  if  the  vehicle  brakes  are  w 
applied  and  from  sensor  32  indicating  the  mode 
of  operation  selected  by  the  vehicle  operator  or 
driver.  In  addition,  sensors  from  the  clutch 
operator  22,  the  input  shaft  operator  23  and/or  the 
transmission  operator  26  may  provide  input  20 
signals  to  controller  30.  In  addition  to  these  direct 
inputs,  the  central  processing  unit  30  may  be 
provided  with  circuitry  and/or  logic  for  differ- 
entiating  the  input  signal  from  sensor  20  to 
provide  a  calculated  signal  indicative  of  the  accel-  25 
eration  of  the  engine,  means  to  compare  the  input 
signals  from  sensor  24  and  28  to  calculate  a 
current  engaged  gear  ratio,  circuit  means  to 
compare  the  current  engaged  gear  ratio  with  the 
signal  from  sensor  28  to  provide  a  calculated  30 
engine  speed,  means  to  sense  full  throttle,  and 
means  to  calculate  an  expected  engine  speed  in  a 
given  engaged  ratio  and  at  a  given  or  sensed 
output  shaft  speed.  The  central  processing  unit 
also  comprises  a  memory  means  for  storing  35 
certain  input  and/or  calculated  information,  such 
as  the  direction  of  the  last  shift,  and  means  for 
clearing  the  memory  means  upon  the  occurrence 
of  a  predetermined  event.  Additionally,  the  cen- 
tral  processing  unit  30  may  include  one  or  more  40 
timing  devices,  or  clocks,  which  may  be  reset 
upon  the  occurrence  of  a  predetermined  event  to 
measure  a  predetermined  time  interval.  Specific 
circuitry  for  providing  the  above  mentioned  func- 
tions  is  known  in  the  prior  art  and  an  example  45 
thereof  may  be  seen  by  reference  to  above  men- 
tioned  US—  A—  4  361  060. 

It  is  understood  that,  given  a  known  drive  train, 
output  shaft  speed  and  vehicle  speed  are  related 
in  a  known  manner.  Also,  assuming  a  fully  50 
engaged  master  clutch  14  (or  a  locked  up  fluid 
coupling),  input  shaft  speed  and  engine  speed  are 
equal  and  signals  indicating  any  two  of  input 
shaft/engine  speed,  currently  engaged  gear  ratio 
and  output  shaft/vehicle  speed  is  sufficient  to  55 
specify  all  three  parameters. 

Sensors  18,  20,  24,  28  and  29,  and  the  sensors 
associated  with  operators  22,  23  and/or  26  may  be 
of  any  known  type  or  construction  for  generating 
analog  or  digital  signals  proportional  to  the  para-  60 
meter  monitored  thereby.  Similarly,  operators  22, 
23  and  26  may  be  of  any  known  electrical,  pneu- 
matic  or  electro-pneumatic  type  for  executing 
operations  in  response  to  command  signals  from 
processing  unit  30.  65 

Clutch  operator  22  is  controlled  by  the  central 
processing  unit  30  and  may  engage  and  disen- 
gage  master  clutch  14  as  described  in 
US—  A  —  4  081  065.  Transmission  10  may  include 
synchronizing  means,  such  as  an  accelerator  and/ 
or  a  brake  mechanism  as  described  in 
US—  A—  3  478  851.  The  transmission  10  is  prefer- 
ably,  but  not  necessarily,  of  the  twin  countershaft 
type  as  is  seen  in  US—  A—  3  105  395. 

A  purpose  of  the  central  processing  unit  is  to 
select,  in  accordance  with  a  program  (software 
and/or  firmware)  and  current  or  stored  para- 
meters,  the  optimal  gear  ratio  at  which  the  trans- 
mission  should  be  operating  and  if  necessary  to 
command  a  gear  change,  or  shift,  into  the 
selected  optimal  gear  ratio.  Ideally,  an  electronic- 
ally  controlled  transmission  can  be  programmed 
to  enhance  specific  vehicle  characteristics,  fuel 
economy  or  performance;  however,  enhance- 
ment  of  one  characteristic  (i.e.,  fuel  economy) 
often  leads  to  a  degredation  of  other  characteris- 
tics  (i.e.,  performance).  Furthermore,  there  are 
constraints  which  must  be  considered  which  limit 
the  degree  to  which  specific  characteristics  can  be 
enhanced.  Such  constraints  include  the  ensur- 
ance  of  safe  operation  of  the  vehicle  and  the 
minimization  of  nuisance  shifts  which  lead  to 
increased  driver  fatigue.  No  absolute  standards 
are  known  to  exist  for  most  of  these  constraints. 

Selection  of  the  D  (on-highway  drive)  mode  on 
the  shift  selector  32  by  the  driver  indicates  to  the 
central  processing  unit  30  that  peak  performance 
is  not  required.  In  this  mode,  the  gear  selection 
subsystem  may  select  fifth  (5th)  gear  as  the 
starting  gear  and  select  subsequent  shifts,  both 
upshifts  and  downshifts,  according  to  what  are 
referred  to  as  the  on-highway  shift  profiles  which 
are  intended  to  enhance  fuel  economy. 

Similarly,  selection  of  the  D-,  (drive  1)  or  DL 
(drive  low)  modes  of  the  shift  selector  by  the 
driver  indicates  to  the  central  processing  unit  30 
the  desire  to  operate  at  peak  performance  at  the 
expense  of  fuel  economy.  While  in  the  D-,  mode, 
the  gear  selection  subsystem  may  consider  third 
gear  (3rd)  as  the  starting  gear,  and  first  (1st)  gear 
is  selected  as  the  starting  gear  while  in  the  DL 
mode.  Subsequent  shifts,  both  upshifts  and 
downshifts,  are  selected  according  to  what  are 
referred  to  as  the  off-road  shift  profiles  which  are 
intended  to  enhance  vehicle  performance. 

The  reverse  mode  or  modes  are  preferably 
implemented  by  explicit  driver  selection  via  the 
shift  selector.  Automatic  shifting  between  the 
reverse  and  forward  drive  modes  is  typically  not 
required  and  not  performed. 

One  of  the  primary  purposes  of  the  central 
processing  unit  program  or  logic  rules  is  to 
generate  shift  patterns,  or  shift  point  profiles,  as 
schematically  represented  in  FIG.  2.  The  shift 
point  profiles  generated  by  the  central  processing 
unit  will  determine  if  the  transmission  should 
remain  in  the  currently  engaged  gear  ratio, 
should  be  upshifted  to  the  next  highest  gear  ratio 
or  should  be  downshifted  to  the  next  lower  gear 
ratio.  The  shift  point  profiles  are  determined  by  a 
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predetermined  program  acting  upon  current  or 
stored  information  and  are  usually  selected  to 
provide  a  compromise  between  operation  at  the 
most  fuel  efficient  possible  gear  ratio  and  oper- 
ation  in  a  gear  ratio  to  provide  optimal  perform- 
ance  characteristics  of  the  vehicle.  The  shift  point 
profiles  graphically  illustrated  in  FIG.  2  are  a 
function  of  both  throttle  position,  expressed  as  a 
percentage  of  maximum  throttling  position,  and 
of  engine  speed.  The  engine  speed  may  be 
directly  sensed  or,  preferably,  is  calculated  engine 
speed  which  will  not  vary  during  a  shift  transient 
as  is  known  in  the  prior  art. 

The  shift  patterns  may  be  generated  by  means 
of  lookup  table  and/or  calculation  methods 
whereby  the  engine  speed  limits  or  profiles  for 
upshifting  and  downshifting  are  generated  for  a 
sensed  throttle  position  and  then  compared  to  the 
sensed  or  calculated  current  engine  speed. 

As  used  herein,  a  "lower  gear  ratio"  or  "lower 
drive  ratio"  will  refer  to  a  gear  or  drive  ratio 
having  a  higher  ratio  of  input  shaft  speed  to 
output  shaft  speed.  For  example,  ninth  (9th)  gear 
is  lower  than  tenth  (10th)  gear  and  a  shift  from 
tenth  gear  to  ninth  gear  is  a  downshift. 

The  on-highway  (A—  B—  C—  D  and  X—  Y—  Z) 
shift  profiles  provide  the  basis  for  shifting  the 
transmission  as  a  function  of  speed  modulated  by 
the  driver  controlled  throttle  position.  The  sets  of 
profiles  are  primarily  derived  from  the  charac- 
teristics  of  the  engine  including  the  effects  of  all 
engine  driven  auxiliaries. 

The  engine  speed  signal,  shown  in  Figure  2  in 
terms  of  engine  RPM,  is  derived  by  multiplying 
the  transmission  output  shaft  signal  by  the 
numeric  value  of  the  gear  ratio  of  the  gear 
currently  selected  by  the  control  electronics.  The 
selection  information,  and  thus  the  multiplication 
factor,  is  preferably  updated  immediately  for  each 
new  selection  without  reference  to  the  actual 
mechanical  status,  thus  allowing  new  shifts  to  be 
initiated,  if  required,  during  a  shift  in  response  to 
continuing  changes  in  output  shaft  speed. 
Throttle  position  is  shown  as  a  percentage  of  full 
(i.e.  wide  open)  throttle  from  zero  percent  (0%)  to 
one  hundred  percent  (100%). 

Referring  to  Figure  2,  the  shift  profile  includes 
an  on-highway  upshift  line  A  —  B  —  C  —  D  and  an 
on-highway  downshift  line  X—  Y—  Z.  Briefly,  for 
operating  conditions  within  the  space  bounded 
by  downshift  line  X—  Y—  Z  and  upshift  line 
A  —  B  —  C  —  D  no  gear  change  is  required,  for  oper- 
ating  conditions  at  or  to  the  right  of  upshift  line 
A—  B—  C—  D  an  upshift  to  the  next  highest  gear 
ratio  is  required  and  for  operating  conditions 
within  the  area  at  or  to  the  left  of  downshift  line 
X—  Y—  Z  a  downshift  to  the  next  lowest  gear  ratio 
is  required.  It  is  understood,  of  course,  that  a 
single  shift  point  profile  may  be  utilized  for  all 
gear  ratios  of  a  transmission  or  a  separate  shift 
profile  may  be  generated  for  each  currently 
engaged  gear  ratio.  Generally,  the  greater  the 
difference  in  ratio  splits  between  the  gears,  the 
greater  the  desirability  of  separate  shift  point 
profiles  for  each  current  engaged  gear  ratio. 

It  is  understood  that  other  sensed  or  calculated 
monitored  speeds,  such  as  input  shaft  speed, 
output  shaft  speed,  vehicle  speed  or  the  like  may 
be  substituted  for  engine  speed  in  the  shift  point 

5  profiles  illustrated  in  FIG.  2. 
As  the  relative  importance  of  fuel  efficiency  and 

vehicle  performance  varies  under  different  oper- 
ating  conditions/the  upshift  and  downshift  lines 
are  preferably  not  static  but  are  dynamic.  Dyna- 

w  mically  moving  shift  lines  are  known,  and  are 
discussed  in  greater  detail  in  US—  A—  4  361  060. 
Typically,  the  shift  lines  are  moved  in  response  to 
current  and/or  stored  information  such  as  direc- 
tion  of  last  shift,  acceleration  of  the  vehicle, 

is  acceleration  of  the  engine,  rate  of  change  of 
throttle  position,  operation  of  the  vehicle  brake  or 
the  like. 

It  is  important  to  understand  that  the  shift  point 
profiles  are  dependent  upon  the  throttle  pedal 

20  position  as  determined  by  sensor  18  as  well  as  the 
engine  speed.  Other  than  selecting  a  reverse, 
neutral  or  forward  drive  mode  of  operation  of  the 
vehicle  by  manipulation  of  selector  32,  the 
operator's  only,  or  at  least  primary,  input  to  the 

25  transmission  is  his  manipulation  of  the  throttle 
pedal  or  other  fuel  control  as  the  case  may  be. 
Accordingly,  by  setting  shift  profiles  and  modify- 
ing  same  in  partial  response  to  throttle  pedal 
position  the  operator's  desires  are  accounted  for 

30  by  the  central  processing  unit  when  deciding  the 
optimal  gear  ratio  at  which  the  transmission  is  to 
operate. 

The  actual  amount  of  fuel  supplied  to  the 
engine  is  controlled  by  throttling  controlling 

35  device  19  acting  upon  a  controlled  device  which 
may  be  a  carborator,  a  fuel  injector  and  fuel 
injection  rack  or  the  like. 

A'  —  B'  —  C  is  the  upshift  profile  as  dynamically 
adjusted  after  initiation  of  a  downshift  as 

40  explained  in  greater  detail  in  above-mentioned 
US—  A—  4  361  060.  X'—  Y'—  Z'  is  the  downshift 
profile  as  dynamically  adjusted  after  initiation  of 
an  upshift  as  described  in  US—  A—  4  361  060. 

The  shift  point  profiles  also  include  an  upshift 
45  limit  (UL)  at  which  the  transmission  must  be 

upshifted  to  prevent  impending  speed  related 
damage  to  the  engine  and  a  downshift  enable 
limit  (DE)  above  which  the  transmission  must  not 
be  downshifted  to  prevent  speed  related  damage 

50  to  the  engine.  The  upshift  limit  (UL)  and  down- 
shift  enable  limit  (DE)  are  not  functions  of  throttle 
position. 

Upshifts  occur  if  the  operating  point  moves  to 
the  right  of  the  A—  B—  C  or  UL  profiles.  Down- 

55  shifts  occur  if  the  operating  point  moves  to  the 
left  of  the  DE  and  X—  Y—  Z  profiles. 

The  electronic  CPU  or  controller  30  is  schemati- 
cally  illustrated  in  Figure  3  and  includes  a  digital 
electronic  microprocessor  100.  By  way  of 

60  example,  the  microprocessor  100  utilized  in  the 
present  automatic  mechanical  transmission 
system  controller  30  is  a  model  8097  micro 
controller,  or  chip,  currently  offered  for  sale  by 
Intel  Corporation  of  Santa  Clara,  California, 

65  U.S.A.,  and  is  well  suited  for  the  task  of  an 
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trolling  operator  and  sensor  19,  and  ignition 
switch  monitoring  signals  (monitors  if  the  vehicle 
ignition  is  on  or  off)  various  input  signals  from  the 
operator  counsel  32,  various  status  input  signals 
from  the  clutch  operator  22  and  transmission 
operator  26,  a  signal  indicating  the  brakes  have 
been  applied  from  sensor  29,  and  other  signals 
which  may  be  desireable  for  control  of  system  2. 
As  is  known,  the  digital  inputs  are  interfaced  to 
the  microprocessor  100  by  means  of  peripheral 
interface  adapters  and  appropriate  input  condi- 
tioning  circuitry. 

The  solenoid  driving  output  signals  and  output 
signals  250—259  are  interfaced  through  output 
conditioning  circuitry  and  another  peripheral 
interface  adapter.  About  half  of  the  20  solenoid 
drivers  are  reserved  for  control  of  the  trans- 
mission  operator  and  the  shift  forks  controlled 
thereby,  nine  of  the  remaining  drivers  are  used  to 
control  an  engine  compression  brake,  a  power 
takeoff  drive,  neutral  start  and  main  power  relays 
and  the  main  clutch  14.  The  input  shaft  brake  17  is 
controlled  through  a  single  driver  connected  with 
a  high  speed  output  which  can  be  set  and  reset  at 
specified  times  as  will  be  described  in  greater 
detail  below. 

To  control  the  automatic  mechanical  trans- 
mission  system  2,  the  central  processing  unit  30 
must  generate  output  command  signals  at  con- 
nectors  250—  ;269  to  the  various  operators.  As  will 
be  described  in  greater  detail  below,  all  of  the 
command  outputs  are  generated  by  a  high 
priority  algorithm  which  processes  the  current 
inputs  to  determine  current  system  status  and 
generates  the  command  outputs  utilizing  pre- 
determined  logic  rules.  A  lower  priority  algorithm 
is  utilized  to  calculate  the  desired  gear  ratio  for 
existing  system  conditions  and  to  provide  a  signal 
indicative  of  same  to  the  high  priority  algorithm. 

As  the  change  in  engine  speed  resulting  from 
maintaining  the  vehicle  in  the  currently  engaged 
ratio,  due  to  the  relatively  large  inertia  of  the 
vehicle  and  of  the  transmission  system  2,  which 
will  occur  over  a  relatively  long  microprocessor 
data  processing  cycle,  i.e.  50  —  100  milliseconds, 
for  example,  is  negligible,  processing  of  the  input 
information  to  determined  the  desired  engaged 
gear  ratio  may  be  considered  of  a  lower  priority 
than  processing  of  input  signals  to  provide  the 
output  signals  which  control  the  throttle  control 
operator,  the  clutch  operator,  the  input  shaft 
brake  operator  and  the  like. 

In  view  of  the  above,  and  also  in  view  of  the 
control  philosophy  that  the  critical  control 
algorithms  be  short  compared  to  mechanical 
response  times  of  the  system  and  that  sufficient 
information  be  provided  so  as  to  allow  control  of 
the  drive  line  to  be  based  upon  the  continuous 
determination  of  the  status  of  the  drive  line,  the 
logic  rules  by  which  the  processor  will  process 
input  data  are  structured  to  process  the  low 
priority  algorithm  by  which  the  desired  gear  ratio 
is  calculated,  in  this  case  by  means  of  a  lookup 
table,  calculation  and  comparison  method,  on  a 
continuous  loop  basis  whereby  the  algorithm  is 

automatic  transmission  control  processor.  Briefly, 
the  microprocessor  selected  should  have  suffi- 
cient  input  and  output  connections  and  be  of 
sufficient  speed  and  resolution  to  meet  the  design 
requirements.  As  stated  above,  in  selecting  the  5 
microprocessor  to  be  utilized,  the  design  philo- 
sophy  adopted  was  that  the  time  required  to 
execute  all  of  the  critical  control  algorithms  be 
short  compared  to  mechanical  response  times  of 
the  system  so  that  occasional  errors  can  be  io 
corrected  without  impact  on  vehicle  operation 
and  that  all  critical  control  command  signals  be 
processed  constantly  and  with  sufficient  fre- 
quency  from  current  input  signals  to  be  based  on 
effectively  instantaneously  updated  current  15 
system  operating  conditions.  By  way  of  example, 
in  the  system  shown,  the  actuators  are  typically 
operated  by  solenoid  controlled  valves  and 
require  a  minimum  of  about  20  —  30  milliseconds 
to  cause  movement.  The  critical  control  algorithm  20 
requires  about  6  —  8  milliseconds  to  complete  and 
is  completed  once  every  10  milliseconds. 

Additionally,  the  desired  control  accuracies  will 
require  a  minimum  resolution  of  the  raw  data. 
The  Intel  8097  micro  controller  utilized  is  of  a  16  25 
bit  (i.e.  16  bit  per  word)  design  which  has  been 
found  to  be  sufficient  for  the  control  of  the 
illustrated  automatic  mechanical  transmission 
system.  It  is  understood  that  other  micro  pro- 
cessors  may  be  equally  suited  for  the  task  of  30 
controlling  an  automatic  mechanical  trans- 
mission  system. 

In  addition  to  the  power  and  other  enabling 
inputs  (not  shown)  the  micro  processor  100  of  the 
present  invention  utilizes  twenty  four  (24)  input  35 
interfaces  or  connections,  200  —  223,  and  twenty 
(20)  output  connections  (250  —  269). 

In  this  particular  example,  the  processor  100 
interfaces  with  three  magnetic  speed  sensors,  20, 
24  and  28,  producing  frequency  modulated  40 
signals,  five  analog  input  signals  and  17  digital 
signals  originating  from  existing  vehicle  switches, 
feedback  switches  and  from  the  transmission  10 
itself,  and  digital  inputs  from  the  driver  command 
counsel  32.  On  the  output  side,  the  processor  .  45 
controls  20  solenoids  alljaf  which  are  controlled  in 
a  simple  on-off  mode,  except  for  one  (the  input 
shaft  brake  solenoid)  whose  required  time  resolu- 
tion  for  control  dictates  that  it  be  controlled  by  a 
high  speed  pulse  output  of  the  processor.  so 
Additionally,  the  controller  issues  one  command 
signal  in  analog  form  to  the  throttle  position 
regulator  19. 

In  addition  to  the  microprocessor  100,  the 
controller  30  may  also  include  a  random  access  55 
memory  (RAM)  102  and  a  read  only  memory 
(ROM),  which  may  be  an  erasable  programmable 
read  only  memory  (EPROM)  104  in  which  is 
stored  the  program  and  the  data  or  lookup  table 
defining  the  various  shift  point  profiles  as  illus-  60 
trated  in  Figure  2. 

In  addition  to  input  signals  from  the  speed 
sensors,  the  input  signals  may  also  include  fuel 
pedal  position  input  signal  from  the  sensor  18,  a 
throttle  control  position  signal  from  throttle  con-  65 
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engine  to  the  correct  speed  for  the  next  gear  to  be 
engaged  while  the  recovery  mode  is  used  to 
gradually  bring  the  throttle  back  to  the  position 
demanded  by  the  driver's  foot  pedal  position  as 

5  sensed  by  sensor  18.  In  the  follow  mode,  the 
throttling  control  is  utilized  to  supply  fuel  to  the 
engine  at  the  rate  required  by  the  throttle  position 
indicated  by  the  operator  as  read  from  sensor  18. 

The  clutch  operator  22  has  three  unmodulated 
10  and  three  modulated  modes  of  operation.  The 

unmodulated  modes  are  used  to  quickly  disen- 
gage  the  clutch  at  the  initiation  of  a  shift,  to 
quickly  engage  the  clutch  to  the  friction  point  or 
the  fully  engaged  condition  at  the  completion  of  a 

15  shift  or  for  purposes  of  synchronization.  The 
modulated  modes  of  operation  are  usually 
utilized  to  control  clutch  engagement  for  start 
from  rest  operations  and/or  for  smooth  clutch 
engagements  in  the  event  of  greater  than  a 

20  predetermined  rotational  speed  difference 
between  the  input  and  output  plates  of  the  clutch. 

The  transmission  control  subsystem  involves 
one  of  the  principal  features  of  the  automated 
mechanical  transmission  which  is  the  actual 

25  implementation  of  the  shift  by  actively  syn- 
chronizing  the  transmission  under  electronic  con- 
trol. 

An  important  signal  which  is  derived  in  the  high 
priority  algorithm  routine  represents  the  speed 

30  error  between  the  selected  gear  and  its  matching 
jaw  clutch.  This  is  typically  obtained  by  dividing 
the  actual  input  shaft  speed  by  the  selected  gear 
ratio  and  subtracting  from  it  the  actual  output 
shaft  speed  (multiplied  by  the  selected  range 

35  ratio,  which  is  1:1  if  a  simple  transmission  is 
utilized).  When  the  transmission  is  in  the  selected 
gear,  this  error  signal  is  nominally  zero. 

Shift  synchronization  is  inhibited  until  confir- 
mation  is  received  that  the  throttle  control  and 

40  clutch  control  subsections  have  successfully 
brought  the  system  into  a  synchronizable  condi- 
tion.  At  this  point,  the  rotational  speed  of  the 
input  shaft  needs  to  be  modified  to  bring  it  to  a 
speed  closely  synchronized  with  the  actual  output 

45  shaft  speed  multiplied  by  the  overall  gear  ratio  of 
the  desired  new  gear. 

Typically,  during  a  downshift,  the  speed  of  the 
input  shaft  needs  to  be  increased.  This  is  accom- 
plished  by  engaging  the  clutch  while  the  trans- 

50  mission  is  in  neutral  allowing  the  input  shaft 
synchronization  to  be  performed  as  a  natural 
extension  of  the  engine  synchronization  process. 
During  an  upshift,  the  speed  of  the  input  shaft 
typically  needs  to  be  reduced.  This  is  accom- 

55  plished  through  the  control  of  the  input  shaft 
brake  17.  As  the  response  of  the  input  shaft  to 
application  in  the  input  shaft  brake  is  relatively 
quick,  to  bring  the  input  shaft  to  within  a  desired 
range  (such  as  within  20  RPM  of  the  true  syn- 

eo  chronous  speed)  as  compared  to  the  periodic 
performance  of  the  high  priority  control  algorithm 
and  the  mechanical  actuators  response  thereto, 
the  input  shaft  brake  may  be  commanded  to  be 
released  on  the  basis  of  an  estimated  time  rather 

65  than  on  the  basis  of  currently  processed  input 

performed  from  beginning  to  end  and  then  imme- 
diately  reinitiated.  The  high  priority  algorithm  by 
which  command  outputs  are  generated  from 
current  input  signals  and  certain  stored  infor- 
mation,  including  an  input  signal  indicative  of  the 
desired  gear  ratio  as  processed  by  the  low  priority 
algorithm,  is  executed  on  a  uniformly  periodic 
basis  whereby  the  low  priority  algorithm  is 
interrupted,  the  high  priority  algorithm  is  per- 
formed  and  then  the  low  priority  algorithm  is 
continued  from  the  point  of  interruption  thereof. 
The  timing  of  initiation  of  the  high  priority 
algorithm  is  based  upon  the  period  of  time 
required  to  complete  same  and  the  period  of  time 
required  for  the  mechanical  actuators  to  respond 
to  the  command  output  signals.  The  high  priority  • 
algorithm  is  preferably  initiated  by  a  clock  pro- 
vided  in  the  microprocessor  100  and  is  completed 
with  a  frequency  sufficient  to  allow  the  high 
priority  algorithm  to  be  completed  at  least  twice 
during  the  period  of  time  required  for  the  quickest 
mechanical  actuator  to  respond  to  a  command 
output  signal. 

The  command  outputs  of  the  high  priority 
algorithm  are  converted  (modified  and/or 
amplified)  by  the  interface  circuits  and/or  peri- 
pheral  interface  adapters  ("drivers")  to  provide 
signals  for  controlling  actuator  solenoids  and  the 
like. 

The  low  priority  algorithm,  in  addition  to  pro- 
cessing  the  input  information  to  determine  the 
desired  engaged  gear  ratio,  may  also  be  utilized 
to  process  input  information  to  provide  signals  to 
the  high  priority  algorithm  for  calibration  of  sen- 
sors  and  the  like.  In  the  low  priority  algorithm,  the 
processed  input  information  involves  throttle 
position,  engine  speed,  and  may  also  include 
input  signals  indicative  of  direction  of  the  last 
shift,  input  signals  indicating  if  the  transmission  is 
to  be  operated  in  a  manual  or  an  automatically 
controlled  mode,  information  indicative  if  the 
vehicle  ignition  as  been  actuated  and  various  fault 
detecting  information. 

From  a  physical  hardware  sense,  the  automatic 
mechanical  transmission  system  2,  may  be  con- 
sidered  as  consisting  of  three  principal  interactive 
systems,  the  control  of  which  are  exercised  by  the 
high  priority  algorithm  routines.  These  sub- 
systems  include  the  throttle  control  19,  the  main 
or  master  clutch  14  and  the  transmission  10. 
Control  of  each  of  these  three  subsystems 
requires  receipt  of  relevant  actual  and  desired 
status  information  from  both  the  low  and  high 
priority  algorithm  routines  as  well  as  from  the 
physical  devices  themselves.  The  high  priority 
control  algorithm,  based  upon  this  information, 
determines  the  control  mode  of  the  subsystems 
to  be  employed. 

The  throttling  control  19  has  five  modes  of 
operation,  start,  predip,  synchronize,  recover  and 
follow.  The  start  mode  of  operation  controls  the 
throttle  during  the  clutch  engagement  when  the 
vehicle  starts  from  rest.  The  predip  mode  is  used 
to  gradually  decrease  the  throttle  at  a  controlled 
rate.  The  synchronizing  mode  is  used  to  bring  the 
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vary  during  said  critical  control  period  by  greater 
than  a  predetermined  nominal  value; 

arranging  said  predetermined  logic  routines 
into  a  first  algorithm  routine  and  a  second 

5  algorithm  routine,  said  microprocessor  in  said 
first  algorithm  routine  processing  current  inputs 
to  provide  a  processed  output  signal  indicative  of 
the  desired  engaged  ratio  of  the  transmission, 
said  microprocessor  in  said  second  algorithm 

10  routine  processing  said  then  current  input 
signals,  including  said  processed  output  signal,  to 
generate  output  signals,  including  command  out- 
put  signals  to  said  actuators,  independently  of 
previously  processed  input  and  generated  output 

15  signals; 
providing  performance  logic  rules  for  said 

microprocessor  wherein  said  microprocessor  per- 
forms  said  first  algorithm  routine  on  a  continuous 
loop  basis  and  is  responsive  to  a  periodic  signal 

20  to  interrupt  performance  of  said  first  algorithm 
routine  to  completely  perform  said  second 
algorithm  and  then  to  resume  performance  of 
said  first  algorithm  routine  from  the  point  of 
interruption; 

25  generating  said  periodic  signal  at  a  frequency 
sufficient  to  cause  at  leat  two  interruptions  of  said 
first  algorithm  and  complete  executions  of  said 
second  algorithm  during  said  critical  control 
period. 

30  2.  The  method  of  claim  1,  wherein  said  first 
algorithm  is  interrupted  at  least  three  times  dur- 
ing  each  complete  loop  thereof  to  perform  said 
second  algorithm. 

3.  The  method  of  claim  1,  wherein  said  periodic 
35  signal  is  generated  at  least  three  times  during 

each  critical  control  period. 
4.  The  method  of  claim  1,  wherein  said  first 

algorithm  processes  the  inputs  current  at  the 
beginning  of  each  loop  thereof  to  determine  the 

40  desired  engaged  gear  ratio. 
5.  The  method  of  claim  4,  wherein  said  first 

algorithm  comprises  lookup  table  and  calculation 
subroutines. 

6.  The  method  of  claim  5,  wherein  said  inputs 
45  included  a  stored  signal  indicative  of  the  direction 

of  the  last  shift. 
7.  The  method  of  claim  1  or  3,  wherein  said 

critical  control  period  is  shorter  than  the  time 
required  for  any  of  said  actuators  to  change  the 

so  status  of  the  device  controlled  thereby. 
8.  The  method  of  claim  1  or  7  wherein  said 

second  algorithm  also  processes  current  input 
signals  to  generate  output  signals  indicative  of 
detection  of  a  fault  in  the  system. 

55  9.  The  method  of  claim  7,  wherein  said  pro- 
cessor  includes  clock  means  for  generating  said 
periodic  signal. 

10.  The  method  of  claim  1  or  9,  wherein  said 
nonpositive  coupling  is  a  master  friction  clutch. 

60 
Patentanspriiche 

1.  Verfahren  zum  Betatigen  eines  automati- 
schen  mechanischen  Getriebesystems  eines 

65  Kraftfahrzeugs,  mit  einem  durch  eine  Drossel- 

signals.  While  this  does  depart  from  the  basic 
control  philosophy  of  the  control  unit  100,  such 
departure  has  been  found  to  be  unavoidable  and 
not  to  objectionably  detract  from  the  performance 
of  the  system. 

A  high  priority  algorithm  will  also  perform 
various  fault  detection  routines  and  adopt  various 
correction  actions  in  response  thereto.  With  the 
exception  of  detection  of  a  fault,  the  low  priority 
algorithm  routine  for  determining  the  desired 
engaged  gear  ratio  will  utilize  the  inputs  current  at 
the  initiation  thereof  throughout  the  entire  loop 
thereof. 

Summarizing,  determination  of  and  generation 
of  a  signal  to  the  high  priority  algorithm  indicative 
of  a  desired  gear  ratio  will  be  processed  by  the 
low  priority  algorithm.  As  a  main  purpose  of 
transmission  10  is  to  control  engine  speed  in  view 
of  vehicle  speed,  and  as  the  relatively  high  inertia 
of  the  vehicle  results  in  relatively  small  or  neglig- 
ible  changes  in  engine  speed  during  the  time 
required  to  process  a  multitude  of  algorithm 
routines  by  microprocessor  100,  updating  the 
desired  engaged  gear  ratio  (i.e.  deciding  if  a  shift 
is  required)  is  of  a  relatively  low  priority  (not 
required  on  as  frequent  a  basis)  as  compared  to 
processing  inputs  to  generate  command  outputs 
(solenoid  driver  signals)  to  control  fuel  supply, 
clutch  engagement,  fault  detection  and/or  input 
shaft  brake  engagement.  This  is  especially  true  as 
gear  selection  is  usually  performed  by  a  relatively 
time  consuming  lookup  table,  multiple  calculation 
and/or  comparison  method  which,  if  included  in 
the  high  priority  algorithm,  would  undesireably 
increase  the  time  required  to  perform  same. 

Claims 

1.  A  method  of  controlling  a  vehicle  automatic 
mechanical  transmission  system  comprising  a 
throttling  device  controlled  engine,  an  operator 
actuated  throttle  position  indication  device,  a 
multi-speed  jaw  clutch  type  gear  transmission,  a 
nonpositive  coupling  device  drivingly  interposed 
the  engine  and  the  transmission,  and  actuators 
(19,  22,  23,  26)  responsive  to  command  signals 
(250  —  269)  for  controlling  the  status  of  said  throt- 
tling  device,  coupling  device  and  transmission, 
said  method  including  utilizing  a  digital  micro- 
processor  based  electronic  control  unit  for  pro- 
cessing  current  and  stored  inputs  in  accordance 
with  predetermined  logic  routines  to  determine 
desired  engaged  ratio  of  the  transmission  and  to 
generate  command  outputs  to  said  actuators, 
said  control  unit  having  means  to  receive  inputs 
indicative  of  at  least  transmission  input  shaft 
speed,  transmission  output  shaft  speed,  engine 
speed  and  operator  actuated  throttle  position  and 
means  to  condition  and  store  said  input  infor- 
mation;  characterized  by  the  steps  of: 

selecting  a  critical  control  period  based  upon 
the  rates  of  response  of  said  throttling  device, 
coupling  device  and  transmission  actuators  and 
the  frequency  of  adjusting  said  actuators  required 
to  assure  the  speed  of  said  vehicle  engine  will  not 
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Frequenz,  die  ausreicht,  urn  wenigstens  zwei 
Unterbrechungen  des  ersten  Teilprogramms  und 
vollstandige  Durchlaufe  des  zweiten  Teilpro- 
gramms  wahrend  des  kritischen  Steuerintervalls 

5  zu  bewirken. 
2.  Verfahren  nach  Anspruch  1,  bei  dem  das 

erste  Teilprogramm  wenigstens  dreimal  wahrend 
jedes  vollstandigen  Schleifendurchlaiifs  unter- 
brochen  wird,  urn  das  zweite  Teilprogramm  aus- 

w  zufiihren. 
3.  Vorrichtung  nach  Anspruch  1,  bei  dem  das 

periodische  Signal  wenigstens  dreimal  wahrend 
jedes  kritischen  Steuerintervalls  erzeugt  wird. 

4.  Verfahren  nach  Anspruch  1,  bei  dem  das 
15  erste  Teilprogramm  die  jeweils  am  Anfang  seiner 

Schleifendurchlaufe  anfallenden  Eingangssignale 
verarbeitet,  um  den  zweckmafcig  einzulegenden 
Gang  zu  bestimmen. 

5.  Verfahren  nach  Anspruch  4,  bei  dem  das 
20  erste  Teilprogramm  eine  Umsetztabelle  und 

Unterprogramme  fur  Berechnungen  aufweist. 
6.  Verfahren  nach  Anspruch  5,  bei  dem  die 

Eingangssignale  eine  gespeichertes  Signal 
umfassen,  das  die  Richtung  des  letzten  Schalt- 

25  vorgangs  wiedergibt. 
7.  Verfahren  nach  Anspruch  1  oder  3,  bei  dem 

das  kritische  Steuerintervall  kiirzer  ist  als  die  Zeit, 
die  irgendeines  der  Betatigungsglieder  benotigt, 
um  den  Zustand  der  durch  sie  gesteuerten  Vor- 

30  richtung  zu  andern. 
8.  Verfahren  nach  Anspruch  1  oder  7,  bei  dem 

aus  das  zweite  Teilprogramm  laufend  anfallende 
Eingangssignale  verarbeitet,  um  Ausgangs- 
signale  zu  erzeugen,  die  ein  Erkennen  eines  Feh- 

35  lers  in  dem  Systems  anzeigen. 
9.  Verfahren  nach  Anspruch  7,  bei  dem  der 

Prozessor  eine  Takteinrichtung  zur  Erzeugung  des 
periodischen  Signals  aufweist. 

10.  Verfahren  nach  Anspruch  1  oder  9,  bei  dem 
40  die  nicht  formschlussige  Kupplung  eine 

Reibungshauptkupplung  ist. 

Revendications 

45  1.  Un  procede  pour  commander  un  systeme  de 
transmission  mecanique  automatique  de  vehi- 
cule,  comprenant  un  moteur  commande  par  un 
organe  a  papillon,  un  organe  commande  par  le 
conducteur  (Vindication  de  position  du  papillon, 

so  une  transmission  du  type  a  vitesses  multiples  a 
embrayage  par  machoires,  un  organe  d'accouple- 
ment  non  positif  interpose  en  entrainement  entre 
le  moteur  et  la  transmission,  et  des  actionneurs 
(19,  22,  23,  26)  fonctionnant  en  reponse  a  des 

55  signaux  d'ordres  (250  a  269)  pour  commander 
I'etat  de  I'organe  a  papillon,  de  I'organe  d'accou- 
plement  et  de  la  transmission,  ce  procede  com- 
prenant  ['utilisation  d'un  bloc  de  commande  elec- 
tronique  a  base  de  microprocesseur  numerique 

60  pour  traiter  des  signaux  d'entree  courants  et 
memorises  en  fonction  de  routines  logiques 
predeterminees  de  maniere  a  determiner  le  rap- 
port  de  transmission  que  Ton  souhaite  engager  et 
a  produire  en  sortie  des  signaux  d'ordres  vers 

65  lesdits  actionneurs,  ce  bloc  de  commande  com- 

vorrichtung  gesteuerten  Motor;  einer  benutzerbe- 
tatigten  Vorrichtung  zur  Angabe  der  Drossel- 
stellung,  einem  mehrgangigen  Zahnradgetriebe 
mit  Klauenschaltkupplungen;  einer  in  dem  Lei- 
stungsweg  zwischen  dem  Motor  und  dem 
Getriebe  angeordneten,  nicht  formschlussigen 
Kupplungsvorrichtung  und  mit  auf  Steuersignale 
(250  bis  268)  ansprechenden  Betatigungsgliedern 
(19,  22,  23,  26),  um  den  Zustand  der  Drossel- 
vorrichtung,  der  Kupplungsvorrichtung  und  des 
Getriebes  zu  steuern,  wobei  das  Verfahren  die 
Verwendung  einer  auf  einem  digitalen  Mikro- 
prozessor  basierenden  elektronischen  Steuerein- 
heit  zur  Verarbeitung  von  laufend  anfallenden 
und  von  gespeicherten  Eingangsdaten  gemalS 
vorherbestimmter  Verarbeitungsregeln  (logischer 
Routinen)  umfaSt,  um  einen  zweckmalSig  einzule- 
genden  Gang  des  Getriebes  zu  bestimmen  und 
um  Steuerausgangssignale  fur  die  Betatigungs- 
glieder  zu  erzeugen,  und  wobei  die  Steuereinheit 
Vorrichtungen  aufweist,  um  Eingangssignale  zu 
empfangen,  die  wenigstens  fur  die  Drehzahl  der 
Getriebeeingangswelle,  die  Drehzahl  der 
Getriebeausgangswelle,  die  Drehzahl  des  Motors 
und  die  Stellung  der  benutzterbetatigten  Drossel- 
vorrichtung  kennzeichnend  sind,  sowie  Mittel  ent- 
halt,  um  die  Eingangsinformationen  umzuformen 
und  abzuspeichern,  gekennzeichnet  durch  die 
Schritte: 

auswahlen  eines  kritischen  Steuerintervalls, 
basierend  auf  der  Ansprechgeschwindigkeit  der 
Drosselvorrichtung,  der  Kupplungsvorrichtung 
und  der  Getriebebetatigungsglieder,  sowie  der 
erforderlichen  Frequenz,  mit  der  die  Betatigungs- 
glieder  einzustellen  sind,  damit  sichergestellt  ist, 
daS  die  Drehzahl  des  Motors  wahrend  des  kriti- 
schen  Steuerintervalles  nicht  um  mehr  als  einen 
vorbestimmten  Nennwert  schwankt; 

einordnen  der  vorherbestimmten  Verar- 
beitungsregeln  in  ein  erstes  Teilprogramm  (algo- 
rithmische  Routine)  und  ein  zweites  Teilpro- 
gramm  (algorithmische  Routine),  wobei  der 
Mikroprozessor  in  dem  ersten  Teilprogramm  die 
laufend  anfallenden  Eingangssignale  verarbeitet, 
um  ein  berechnetes  Ausgangssignal  bereit- 
zustellen,  das  kennzeichnend  fur  den  zweckmalSig 
einzulegenden  Gang  des  Getriebes  ist,  und  wobei 
der  Mikroprozessor  in  dem  zweiten  Teil- 
programm  die  dann  aktuellen  Eingangssignale 
zusammen  mit  dem  berechneten  Ausgangssignal 
verarbeitet,  um  unabhangig  von  den  vorher 
verarbeiteten  Eingangssignalen  und  den  erzeug- 
ten  Ausgangssignalen  Ausgangssignale  zu  erzeu- 
gen,  die  Steuerausgangssignale  fur  die 
Betatigungsglieder  enthalten; 

bereitstellen  von  Ablaufregeln  fur  den  Mikro- 
prozessor,  gemafc  denen  der  Mikroprozessor  das 
erste  Teilprogramm  in  einer  Endlosschleife  aus- 
fiihrt  und  auf  ein  periodisches  Signal  anspricht, 
um  die  Ausfiihrung  des  ersten  Teilprogramms  zu 
unterbrechen,  das  zweite  Teilprogramm  vollstan- 
dig  zu  durchlaufen  und  dann  die  Ausfuhrung  des 
ersten  Teilprogramms  an  der  Unterbrechungs- 
stelle  fortzusetzen; 

erzeugen  des  periodischen  Signales  mit  einer 
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prenant  des  moyens  pour  recevoir  des  signaux 
d'entree  representatifs  au  moins  de  la  vitesse  de 
I'arbre  d'entree  de  transmission,  de  la  vitesse  de 
I'arbre  de  sortie  de  transmission,  de  la  vitesse  du 
moteur  et  de  la  position  dupapillon  commandee 
par  le  conducteur,  ainsi  que  des  moyens  pour 
mettre  en  condition  et  memoriser  ces  informa- 
tions  d'entree,  caracterise  par  les  etapes  consis- 
tant  a: 

—  choisir  une  periode  de  commande  critique 
fonction  des  taux  de  reponse  de  I'organe  a  papil- 
lon,  de  I'organe  d'accouplement  et  des  action- 
neurs  de  transmission  ainsi  que  de  la  frequence 
d'ajustement  necessaire  pour  que  ces  action- 
neurs  fassent  en  sorte  que  la  vitesse  du  moteur 
du  vehicule  ne  varie  pas  pendant  cette  periode  de 
commande  critique  d'un  ecart  superieur  a  une 
valeur  nominale  predetermines, 

—  mettre  lesdites  routines  logiques  predetermi- 
nees  sous  forme  d'une  premiere  routine  d'algo- 
rithme  et  d'une  seconde  routine  d'algorithme,  le 
microprocesseurtraitantdans  la  premiere  routine 
d'algorithme  les  signaux  d'entree  courants  pour 
delivrer  un  signal  de  sortie  traite  representatif  du 
rapport  de  transmission  que  Ton  souhaite  enga- 
ger,  le  microprocesseur  traitant  dans  la  seconde 
routine  d'algorithme  les  signaux  d'entree  cou- 
rants,  y  compris  le  signal  de  sortie  traite,  afin  de 
produire  en  sortie  des  signaux  de  sortie,  y  com- 
pris  des  signaux  d'ordres,  vers  les  actionneurs 
independamment  des  signaux  d'entree  prealable- 
ment  traites  et  des  signaux  de  sortie  prealable- 
ment  produits, 

—  prevoir  des  regies  logiques  d'execution  pour' 
le  microprocesseur,  dans  lesquelles  le  micro- 
processeur  execute  la  premiere  routine  d'algo- 
rithme  sur  la  base  d'une  boucle  continue  et 
repond  a  un  signal  periodique  pour  interrompre 
I'execution  de  la  premiere  routine  d'algorithme 
afin  d'executer  completement  le  second  algo- 
rithme,  en  reprenant  ensuite  I'execution  de  la 
premiere  routine  d'algorithme  depuis  le  point 
d'interruption. 

—  produire  ledit  signal  periodique  a  une  fre- 
quence  suffisante  pour  provoquer  au  moins  deux 
interruptions  du  premier  algorithme  et  pour  effec- 
tuer  des  executions  completes  du  second  algo- 
rithme  pendant  ladite  periode  de  commande  criti- 
que. 

2.  Le  procede  de  la  revendication  1,  dans  lequel 
le  premier  algorithme  est  interrompu  au  moins 
trois  fois  pendant  chaque  boucle  complete  qu'il 
effectue  afin  d'executer  le  second  algorithme. 

3.  Le  procede  de  la  revendication  1,  dans  lequel 
ledit  signal  periodique  est  produit  au  moins  trois 
fois  pendant  chaque  periode  critique  de  com- 
mande. 

4.  Le  procede  de  la  revendication  1,  dans  lequel 
le  premier  algorithme  traite  les  valeurs  courantes 
des  entrees  au  debut  de  chacune  des  boucles  qu'il 
effectue  afin  de  determiner  le  rapport  de  vitesses 
que  Ton  souhaite  engager. 

5.  Le  procede  de  la  revendication  4,  dans  lequel 
le  premier  algorithme  comprend  des  sous-rou- 
tines  de  recherche  dans  une  table  de  correspon- 
dance  et  de  calcul. 

6.  Le  procede  de  la  revendication  5,  dans  lequel 
lesdites  entrees  comprennent  un  signal  memo- 
rise  representatif  du  sens  du  dernier  passage  de 
vitesses. 

7.  Le  procede  de  Tune  des  revendications  1  ou 
3,  dans  lequel  la  periode  de  commande  critique 
est  plus  courte  que  la  duree  necessaire  a  I'un 
quelconque  des  actionneurs  pour  modifier  I'etat 
de  I'organe  qu'il  commande. 

8.  Le  procede  de  I'une  des  revendications  1  ou 
7,  dans  lequel  le  second  algorithme  traite  egale- 
ment  des  signaux  d'entree  courants  afin  de  pro- 
duire  des  signaux  de  sortie  representatifs  de  la 
detection  d'une  anomalie  dans  le  systeme. 

9.  Le  procede  de  la  revendication  1,  dans  lequel 
le  processeur  comprend  des  moyens  d'horloge 
pour  produire  ledit  signal  periodique. 

10.  Le  procede  de  I'une  des  revendications  1  ou 
9,  dans  lequel  ledit  accouplement  non  positif  est 
un  embrayage  maftre  a  friction. 
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